Studies on population dynamics, biomass and production of cladoceran zooplankton in various regions of Lake Kasumigaura were conducted from 1983 to 1985. Seasonal changes in species composition were similar among the regions, but were different among the years. The biomass and production of cladocerans were usually higher in the summer than in the other seasons. Those in the spring and fall were often suppressed by a predator, Neomysis intermedia. Bosmina f atalis, which dominated the cladoceran community in the summer and fall, contributed to the annual biomass and production of the total cladocerans with the highest percentage. The biomass, production and P / B ratio of cladocerans, and the energy transfer efficiency from phytoplankton to zooplankton were higher in Takahamairi Bay and Tsuchiurairi Bay than in the central region of the lake.
Introduction
The zooplankton community serves as an important trophic link between phytoplankton and fish in a lake ecosystem.
It is an important subject in studies on matter flow in the ecosystem to determine the biomass and production of the zooplankton community. This subject has been studied mainly in European or North American lakes. In Japan, however, there are few studies on it. The zooplankton production had not been studied comprehensively in Japanese lakes before the present authors' work (HANAZATO and YASUNO, 1985a) , which clarified the characteristics of the population dynamics, biomass and production of the dominant zooplankton group, Cladocera, in Lake Kasumigaura in 1983. In the present paper, the studies following the previous report are presented, and the variation from year to year of the species composition, biomass and production are clarified.
Methods
Samplings were carried out at four stations in Lake Kasumigaura, which are shown in Fig. 1 .
Stas. 1, 3, 7 and 9 presented in the figure are the equivalent of Stas. A, B, C, and D in our previous report (HANAZATO and YASUNO, 1985a) , respectively.
Water depths at these stations are about 2 m, 4 m, 3.5 m and 6 m, respectively. Water samples were taken weekly at the four stations during 1984 and at Stas. 3 and 9 during 1985 using an acrylic tube sampler, 5 cm in diameter and 2 m in length, which isolated the water column from the surface to 2 m in depth. Cladoceran zooplankton were collected by filtering the water sampled through a 93 m mesh net. They were then fixed with sugar f ormalin (HANEY and HALL, 1973) . The zooplankton samples were taken in duplicate at each station. Cladocerans in the samples were not only counted, but also the number of eggs in their brood chambers and the body length (from the top of the head to the posterior of the carapace) of each individual were recorded as well. At the sampling time, chlorophyll a concentration in the sampled water was determined by the UNESCO/SCORE method (UNESCO, 1966) to assess the phytoplankton biomass. A mysid, Neomysis intermedia, was collected by vertical tows from the lake bottom to the surface using a 30 cm-diameter and 93 m-mesh plankton net monthly from February 1983 to July 1984, and a 40 cm-diameter and 194 m-mesh plankton net weekly from August 1984 to December 1985. As the catching efficiency of the latter net for the mysid was five times that of the former, the mysid densities from February 1983 to July 1984 were corrected to adjust those in the later period.
To estimate the cladoceran biomass, we determined equations of body length-weight relationships for four dominant species (Diaphanosoma brachyurum, Bosmina f atalis, Bosmina longirostris, Moina micrura), which were shown in our previous report (HANAZATO and YASUNO, 1985a) . The weights of Daphnia ambigua, Chydorus sphaericus and Ceriodaphnia cornuta (= C. rigaudi) were calculated using the equations for D. ambigua, C.
sphaericus and Ceriodaphnia quadrangula in DUMONT et al. (1975) , respectively.
The cladoceran production was estimated according to ADALSTEINSSON (1979) On the contrary, the average density of D. brachyurum was the highest at Sta. 9 but the lowest at Sta. 1. C. sphaericus appeared most abundantly at Sta. 3, while C. cornuta did so at Sta. 9. The densities on these two species were very low at f atalis kept the density of more than 100 inds. 1-' until December. The densities of the cladocerans were usually higher at Sta. 3 than at Sta. 9.
3-2. Cladoceran biomass Figure 4 shows the seasonal changes in the integrated biomass of the seven cladoceran species during 1983 -1985 . The data in 1983 in this figure were cited from HANAZATO and YASUNO (1985a) . In
1983, the biomass became the highest in August or
September at all the stations, and the highest peaks were built up mainly by B. f atalis. In 1984, D.
ambigua and B. longirostris showed a high biomass peak in May. Other peaks were observed in August and October at Stas. 3, 7 and 9, which were mainly composed of B. f atalis. At Sta. 1, high biomass peaks appeared in the summer but not in the fall. In 1985, the biomasses at Stas. 3 and 9 increased rapidly in late July after the absence of cladocerans by June. During the summer and fall, the biomasses were maintained at around 0.5g dry wt m_3 at Sta.
3 and about 0.2-0.4g dry wt m_3 at Sta. 9. B.
f atalis took the most part of the biomass throughout the year.
Monthly and annual mean biomasses were compared among the sampling stations and among the years (Table 1 ). The monthly mean biomass usually became high in August, September or October at Stas. 3, 7 and 9. The values were usually higher at Stas. 3 and 7 than at Sta. 9. The annual mean biomass at Sta. 3 was similar to that at Sta. 7, but was approximately twice as large as that at Sta. 9. The annual mean biomass at Sta. 1 differed widely between the years. At Stas. 3 and 9, the biomass in 1985 became considerably higher than in the previous two years. The annual mean biomasses were 0.11-0.40g dry wt m-3 at Sta. 1, 0.26-0.47g dry wt m-3 at Sta. 3, 0.25-0.38g dry wt m_3 at Sta. 7, and 0.11-0.23g dry wt m-3 at Sta. 9.
The values are converted into 0.22-0.80g dry wt m-2 at Sta. 1, 1.04-1.88g dry wt m-2 at Sta. 3, 0.88-1.33g dry wt m-2 at Sta. 7 , 0.66-1.38g dry wt m-2 at Sta. 9, respectively. Although the biomass per cubic meter was much lower at Sta. 9 than at Stas. 3 and 7, the biomass per square meter was similar among the stations.
Within the seven cladoceran species, B. f atalis was the most important species in terms of the biomass at every station. The integrated biomass of this species reached 32.5-71.7 % of the total integrated biomass ( Table 2 ). The percentage was and October at Stas. 3, 7 and 9, and the peak in August was the highest, for which B. f atalis was mostly responsible. At Sta. 1, the production peaks appeared in May and August, but not in October. In 1985, the daily production fluctuated largely at Sta.
3, and the high peaks more than 0.2g dry wt m-3 d~' were often observed from July to November. At Sta. 9, the production exceeded 0.lg dry wt m-3 d ' in July and October, but not during mid summer.
Monthly and annual production at the four stations during 1983-1985 is given in Assuming the net primary production in Lake Kasumigaura to be 80% of the gross primary production according to HILLBRICHT--ILKOWSKA et al. (1972) , these values become 651, 558 and 486gC m-2 at Sta. 3, 415, 380 and 215gC m-2 at Sta. 7, and 530, 468 and 350gC m-2 at Sta. 9, in respective The data in 1983 were cited from HANAZATO and YASUNO (1985a) .
S 50 HANAZATO and YYASUNO years. Thus, the percentage of the annual cladoceran production to the annual net primary production (the energy transfer efficiency from phytoplankton to zooplankton) was 4.0, 4.4 and 9.4% at Sta. 3 in 1983 , 1984 and 1985 , 3.8 and 6.9% at Sta. 7 in 1983 and 1984 , and 2.5, 3.2 and 10.0% at Sta. 9 in 1983 , 1984 and 1985 . The values were higher at Stas. 3 and 7 than at Sta. 9 except in 1985.
Monthly and annual P / B ratios at the sampling stations are shown in Within the seven cladoceran species, B. f atalis was the most important species in terms of the production at every station as well as the Biomass. The annual production of this species was more than 62% of the total cladoceran production in 1984 and 1985 (Table 5 ). In 1983, the production of D.
brachyurum was relatively high, which lowered the dominance of B, f atalis (Table 5) . However, B.
f atalis accounted for the highest percentage of the total production even in this year.
3-4. Mysid density
The seasonal changes in the density of Neomysis intermedia are given in Figure 6 . The changes at Stas. 3, 7, and 9 were similar. A peak density of about 100-10,000 finds. m-2 was observed in the spring of 1983. From August 1983 to September 1984, no mysid was caught by the vertical tows. In the fall of 1984, some mysids were caught again, but the density was still low (about 10 -100 inds.
m 2). The mysid density increased rapidly and reached a maximum of about 10,000 inds. m-2 in in July, and after that the density was lower than 10 inds. m~2. In contrast with Stas. 3, 7 and 9, N. intermedia was scarcely found at Sta. 1 during 1983 -1984 . 3-5, Chlorophyll a concentration Figure 7 shows the seasonal changes in chlorophyll a concentration at the four sampling stations during 1983 -1985 . In 1983 and 1985 , the concentrations were minimum in February or March, and were maintained at a high level (around 100mg m_3 Table 3 .
Monthly and annual production of cladocerans at four stations during 1983-1985.
The data in 1983 were cited from HANAZATO and YASUNO (1985a). at Stas. 1, 3, 7, and about 50mg m-3 at Sta. 9) from spring to fall after they increased in April. In 1984, however, the values which increased in April decreased to about 10mg m-3 in May and June at Stas. 3 and 7. They increased again in June and July, and were kept more than 100mg m-3 during the summer and the early fall. At Sta. 9, the values were about 10-20mg m-3 until June, and were around 50mg m-3 from July to December. 1976 (YASUNO et al., 1977 MORISHITA and YASUNO, 1979 ; YASUNO and Mom SHITA, 1981 ; YASUNO et al., 1981 ; HANAZATO and YASUNO, 1985a inedible for zooplankton (SIRENKO, et al., 1976 ; LAMPERT, 1977 LAMPERT, , 1981 LAMPERT, , 1982 YASUNO, 1984, 1987 ; NIZAN et al., 1986) .
The cladoceran biomass, production and monthly P / B ratio were high in the summer although inedible Microcystis spp. predominated. HANAZATO and YASUNO (1987) considered that the decomposed Microcystis was the main food for Zooplankton in the summer in Lake Kasumigaura. Thus, the decomposition of Microcystis probably assures a large food supply for cladocerans and supports the high cladoceran production.
P / B ratios were the highest at Sta. 1, the next highest at Stas. 3 and 7, and the lowest at Sta. 9, while the energy transfer efficiency from phytoplankton to zooplankton was higher at Stas. 3 and 7 than at Sta. 9. The differences in the productivity of cladocerans and in the energy transfer efficiency between the stations might be related to the water depth. The detritus food-chain was considered to be a main energy passage from phytoplankton to zooplankton in Lake Kasumigaura in the summer (HANAZATO and YASUNO, 1985a , 1987 , TAKAMURA et al., 1986 . The resuspension of detritus from the bottom which could be utilized by zooplankton as their food would be correlated with the water depth, and as a result, the shallower regions (Stas.
1, 3 and 7) could be more productive for zooplankton than the deeper region (Sta. 9). 
